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It is respectfully requested thai the amendments to the Spccillcation and claims be 
onlered. 1 lie claims are believed to be in cundition for allowance and notice thereof is 
rcspcctlUlly solicited. If tlicrc arc any remaining issues that need to be resolved, it is 
respectfully requested that a telephone call be placed to the undersigned. 



Respectfully submitted, 
DRUMMOND & DUCKWORTH 

David G. Duckworth 
Registration No. 39,516 
Allomeys for Applicants 
Tclcphune: (949) 724-1255 
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Serial No: 09/718,611 

AMRNDMHN I OF THE SPECIFTCATTON 
BRJLHF DESCRIJ^ION OF THH DRAWINGS 

'Hie accompanyint; drawings illustrate the present invention. In such drawings: 
RG. I is a top plan view of a cold plate assembly according to the invention; 

FTG. 2 is mi enlarged cross-sectional view of the cold plate assembly attached to u printed circuit board 
shown taken along lint 2-2 of FIG, 1; 

FTG. 3 is u lop plan view of a cold plate assembly using individual heal pipew; 

FIG. 4 is an enlarged cross-sectional view of a cold plate assembly attached to a printed circuit board 
shown Uiken along line A A of Fig. 3; 

FIG. 5 is a cross-sectional view of a cold plate assembly using individual heat pipes attached to a printed 
circuit board shown taken along line 5^5 of Fig. 3; and 

FTG. 6 is a block diagram illustrating stet>s employed according to one embodiment of the method of the 
present invention, 

DFTATT.nD DESCRIPTION OF TllH IN VHN l lON 

The above described drawing figures illustrate the invention in at least one of its prererrcd 
embodiments, which is further defined in detail in the following description. 

deferring to the tiguies, a conductive cold plate 25 of the present invention employs an easily 
manufactured modular consU-viction made of three modules or clemaits. 'fhe three modules including a 
thermally conductive base 2, a heat pipe assembly 20, and compact heat exchanger 14 are descnlied 
below. 
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A thermally conductive base 2 comprisL's a rectangular shaped plaic of thermally conductive 
material, and provides a girouit board engagcmenl interface. The interlace is Ihnned with a senes of 
recesses that mirror the surface component topology of a circuit board I, and a titandofl'M tor mounting 
the cold plate 25 to tl,e board 1. This thermally conductive base 2 is preferably made from machined 
aluminum alloy 6061 T6. In case ofmass production lo fiulhcr reduce ihc cost of this module, die east 
aluminum alloy, brass or high conductivity polymer composite can be used. 

A heat pipe assembly 20 is preferably ccmstructcd as a thermal plane utilizing embedded 
copper/water heat pipes 9 & U sandwiched between two outer aluminum plate.«;. I he heaipipes thermal 
plane utili/es embedded heat pipes to carry the heat from components (the heat source) to 
the heat sink (heat exchangers) with a typical source lo sink temperature diftercnce of 20 degrees 
centigrade or less, mile cooling at both edges is recommended for maximum heat pipe thermal plane 
pcriormanee, single ed«ecooling is possible with lower performance. Operation is .<«nsili veto orientation 
of the hciit pipes 9, shown in [fjt'igurc 3 and |tlFigure 4. A heat pipe 9 is a heal transfer device with an 
extremely high effective thermal conductivity. Heat pipesare evacuated vesselstypically circular incross 
section which are back filled with a quantity of a working fluid and diey aw totally passive as u.scd to 
transfer heat from a source (electronic componenls) to a sink (heal exchangers) with muiimal 
temperature gradient or to isothcrmalize a surface, Common heat pipe fluids used are ammonia, water, 
acetone, and methanol. Tlic heat pipe thcrm;d plane 20, shown in Fig. l", and heat pipes 9 shown in Fig. 
3 are selected depending on the cooling system parameters to carry the heat from the elcelronic 
eonponents through the base 2 to the cooling fluid in the heat exchanger 14. When using two compact 
heat exchangers al the edges of the cold plate base 2. cold plate perfonniuice is maximized due to 
maximum performance of heal pipe thertnal plane. Single edge cooling using one heal exchanger is 
possible with slight de-rated performance. The efficiency of the cold plate L10]25 is dependent on 
moiuiting orientation as noted previously. 
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With reference to the figures, preferably a heal exchanger 3 and 14 is disposed at ono or both 
opposite ends of heat pij^e assembly 20. Preferably, the one or two heat exchangers are either 
lam inated or finned. Moreover, preferably ihc heat exchanger is made of aluminum or copper and sized 
to accommodate ihc heat dissipation capacity of the printed circuit board. Tlie flow rate of flow of the 
cooling fluid required is determined in proportion to the heat removal capacity of the cold plale [2]25, 
and a junction temperature range is maintained for ihc cooled electronic components mounted on the 
printed circuit board, With reference to Fig. 1 , where two heat exchangers are provided, preferably, 
both arc connected together with two aluminum or copper pipes 1 5 and 1 6 to transmit the cooling fluid, 
i he pipes arc connected to the inlet and outlet of the heat exchangers. Tlie path of the cooling fluid is 
from an inlet quick disconnect 4 to the lower heat exchanger 3, then to pipe 1 5 and through the upper 
heal exchanger 14 to the pipe 16, and finally, out through tlie quick diaeonnecl [615. 

Rcicrring to Fig. 2 ihe three module cold plate base 2, heat pipe tliennal plane 20, and heal 
exchangers 3 and 14 are assembled together using high thennal conductive adhesives or any other 
theiTnally conductive bonding technique on the cold plalc base outer surface. A template or fixture (not 
shown) is used lo accurately locate the three modules in place relative to the controlling dimensions 
in the a.sscmbly process of the cold plate 25. The circuit hoard l»with eleclRmic component item 13, 
to \ie cooled is mounted on printed circuit l>oard 1 , and gap filler 35 is placed between Ite circuit board 
I and base plate 2, The circuit boards cooled by the cold plate in this invention arc not 1 imited in size, 
since heat pipe thermal plane or individual heat pipes can be custom designed to accommodate the cold 
plate size 10 cool the circuit board electronic components. Also the heat transmission capacity of the 
heat pipe thermal plane 20 can be customized to maximize the capacity and performance by changing 
the length, width and thickness of the heat pipe thermal plane 20, With reference lo Fig. 3. the working 
fluid in the heat pipe thennal plane 20 can be of dilTerent types and, similarly the individual heat pipes 
9, can be of different sizes (diameter, length, etc.) to accommodate the cooling capacity and the 
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dimensions ofthe assembly, In the industry there are standard sizes of heat pipe thcnnal phine 20 
pre-designcd and available Tor production orders. In the case of using a heal pipe Iherraal plane, 
the use ofthe standard size of heat pipe thennal plane reduces the cost of this module in the cold 
plate ofthis invention over the use ofcustomi/ed heat pipe Ihcrnial planes. 

Referring now to Figs, 3 -5, the cold plate 25 ofthe present invention, generally employs 
ahighlymanufacturableinodular construction, including a themially conductive base, individual 
heal pipes, and plural heat exchangers. The cold plate 25 includes a rectangular shaped ba.se 
plate[5] of thermally conductive material such as aluminum, brass or high conductive polymer 
composite, having a circuit board engagement interface. The interface is formed with a scries of 
recesses that mirror the surface component topology of the circuit board, with ihei-mally 
conductive gap filler material (not shown). Reference numeral 3 refers to a laminate or fumed 
heat exchanger. Reference numerals 4 and 5 refer to quick disconnects for the cooling fluid 
entering and exiting the heat exchanger. Reference numeral 7 refers to an electronic component 
to be cooled. Reference numeral 9 refers to the heat pipes. Reference numeral 2 refers to a 
ihermally conducive base. Reference numeral 12 refers to a gap filler material. Reference 
numeral 1 0 refers to an aligrmicnt pin. 



10 



Received rrom < 949 724 1 139 > at 316/02 5:28:40 PM [Eastern Standard Time] 



Mar'-06-02 02:17P DRUMMOND&DUCKWORTH 94-9 7 24 1139 



949 



VERSION WITH MARKINGS TO SHOW CHANCKS MADF 

Serial No: 09/718,611 

With reference to Figs. 3 - 5, in an additional embodiment of the present invcniion, the 
three modules of the cold plate asaenibly are a cold plate base 2, individual heat pipes defining 
a heat pipe assembly 20, and one or more heat exchangers 3. llie three modules arc assembled 
together using brazing material like thermally conductive adhesive or soldering material or any 
other thcmially conductive bonding technique. The individual heat pipes are bonded to the 
thermally conductive base's outer surface, by providing cavities to house tlie individual heal 
pipes. The heat exchanger 3 then is bonded to the cold plate base 2 [in] using themially 
conductive bonding material. A template or fixture is used to accurately locate the three modules 
in place relative to the controlling dimensions in the assembly process of the cold plate. 

Referring now to FIG. 6, the structure of the cold plate assembly 25 enables the 
implantation of relatively straightforward assembly steps. Manufacturing the cold plate begins 
in step 100, with selecting a thermally conductive plate to define the base. Either casting or 
machining the profi le of the topology on the far side fonns (he base. Then selecting the heat pipe 
thermal plane or individual heat pipes at step 1 02. Selecting the compact heal exchanger with the 
pipes in step 104» 

Once the three main modules arc selected, bonding tliem together as shown in Figs. 1 - 
5 makes the assembly of the cold plate step 106. Usitig a tlitn layer of high thennal conductive 
adhesive makes the bond. While tlic inventor has determine bonding using high thermally 
conductive adhesive offers tlie preferred results, other known processes may be employed without 
damaging the heat pipe thermal plane or the individual heat pipes. 

Assembling the cold plate includes the base, the heat pipe thermal plane or individual huat 
pipes imd the heat exchangers. The themial capacity of transmitting the heat as 

II 
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AMENDMENT OF THE CA AIMR 
Please amend Claims 13, 14, 10 • 18 as follows: 

13. (Once amended) A cold plate assembly lor cooling a circuiL board assembly, 
said cold plate assembly comprising: 

a heat pipts assembly including at least one heat pipe adapted for internally 
circulating a first thermally conductive fluid Tor carrying heat dissipated from 
electrical components of a circuit board; and 



at least one compact heat exchanger [affixed] engaging and ihemially 
connected to said heat pipe assembly, said heat exchanger iulapied for internany 
circulating a second thermally conductive fluid and for carrying heat dissipated from 
said heal pipe assembly. 
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1 4. (Once amended) Tlie cold plate assembly for cooling a circuit board assembly 
of claim 13, said cold plalc assembly furlhcr comprising: 

ii Ihcrtnally conductive base engamng said heat pipe assembly for being affixed 
to a circuit board, said thermally conductive base including a plurality of recesses 
sized and configured for receipt of electrical components on a circuit board, 

1 5. The cold plate assembly for cooling a circuit board assembly of claim 13, 
wherein said compact heat exchanger includes an inlet for receiving said second thermally 
conductive lluid and an outlet for emitting said second thermally conductive fluid, 

1 6. (Once amended) The cold plate assembly for cooling a circuit board assembly 
of claim 13 wherein said heat pipe iisscmbly is constructed as a thermal plane including at 
least one [or more] internal heatpipc[s]. 
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17, (Once amended) A cold plate assembly for eooline a circuit board assembly* 
said cold plate assembly comprising: 

a themially conductive base lor being affixed to a circuit board, said thennally 
conductive base including a plurality of recesses sized and configured for receipt of 
electrical components on a circuit hoard; 

a heat pipe assembly enpa^ing and thermally connected to said thermally 
conductive base, said heat pipe assembly constructed as a thermal plane including one 
or more internal heat pipes, said one or more heat pipes Tor internally circulating a first 
thermally conductive fluid for carrying heat dissipated from electrical components of a 
circuit board; and 

at least one compact heat exchanger [affixeti] en gaging and thermally 
conneeteil to said heat pipe assembly, said heat exchanger adapted for i nternally 
circulating a second thermally conductive fluid and for carrying heat dissipated fi-om 
said heal pipe asseinbly, said compact heat exchanger including an inlet for receiving 
said second thermally conductive fluid and an outlet for emitting said second thermally 
conductive fluid. [,] 
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1 8. (Once amended) A circuit board and cold plate assembly comprising: 

a circuit board assembly including electronic components mounted thereon; 

a heat pipe assembly theTnially connected to said electronic components, said 
heat pipe assembly including at least one heat pipe adapted for internally circulating a 
first ihei-mally conductive fluid for carrying heat being dissipated from said electrical 
components; and 

at least one compact heat exchanger engaging and thermally connected lo said 
heat pipe assembly, said heat exchanger adapted for mtemally circulating a second 
thermally conductive fluid and for carrying heat dissipated from said heat pipe 



theimally conductive base aflixed to said circuit board, said thermally conductive base 
provided lo transfer heai from said electronic components to said heat pipe assembly. 



assembly. 



I'hc circuit board and cold plate assembly of claim 1 8 further comprising a 
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20. (Once amen<ied) The circuit board and cold plate assembly of claim 1 8 
wherein said heal pipe assembly is constrLietcd as a tliermal plane including at least one [or 
more] internal heat piper^l- 

21 . Tlie circuit board and cold plale assembly of claim 18 wherein said compact 
heat exchanger includes an inlet for receiving said second thermally conductive Iluid and an 
outlet for emitting said second thermally conductive fluid. 

22. (Once amended) The circuit board and cold plate assembly of claim [1 8] 21 
wherein said heat pipe assembly is constructed as a thcmial plane including at least one [or 
more] internal heatpipe[s]. 
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